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(57) Abstract: 

PURPOSE: To furnish a semiconductor device and a 
manufacture thereof which optimize discretely the 
performance of each transistor on an SOI substrate and 
improve the characteristics of a PMOS transistor and an 
operating speed of a CMOS circuit. 

CONSTITUTION: An oxide film 12 is formed on a P-type 
single-crystal silicon substrate 11, and on this oxide 
film 12, single-crystal layers 15 and 16 to be used for 
an NMOS transistor 13 and a PMOS transistor 14 are 
formed independently respectively. The thickness of the 
single-crystal silicon layer 16 for forming this PMOS 
transistor 14 is formed to be smaller than that of the 
single- crystal silicon layer 15 for forming the NMOS 
transistor. 
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ft, ^JMSJl^y a^WJRSr^tfPMOS h7>i?X 

Ktiis^r, huISpmos b7>i?x?&Bf&lr 5fctf> 

©JM&ltS/y ^vWffi^JSS;^ itJfENMOS 

[IS** 2] SIjKpmos b7^i/x?%Bf&1rZ>W 
OS hy^^^Sr^-tsmfeft^y ^>*McoT^ 

i6Sflc^i?s j: <9 hm^^t &ftmt>rztii$m i mis 

[MM 3] WJ:i:¥8 B ^>!j^lIWL 

*SfiRSrflJia"fSXaf:, NMOS ^7yv ? ;**^^ : ^$£^ 
frS& l ^$cogf fcgi^^^ 
y ^ *«*r*trJR 2 ©M«eD»fc8**K<D**»* 
LTiitrESg 2 o««ofl«iaS l ©!RiMkllt(0*teSrMm 
S*53jfii, SUfE^2o«iS(7)^ H B a vy 

4, WE«flflS*JW)t«r»*-t-5xat, MGIR2(0«( 
MffciBXtfflWB* l <B*»fbK«:8fc*-f-3xa& «r*N- 

fc S O I StRoflfrE*«*^ V a ^l»»±^» 1 OflMt 
fUBt*»^5Xai, NMOS h 
ffi l com«(7)mlE^ l o«aMbBttt»*-fri* I- PMO S 
h 5 * WSr^tf ff 2 (0««<&ii«B» l oMMf UR 
SttSrlSfc* LTituffifg 2 y ymm<D 

Sffi»tSr»UiS*Sxei, MfB^2(7)^(0^e B B 

^y3v»iKort«K»*^^*ft\^5xa<!:> ir 

LT&ffc £ -frS r t \C X 9 BfJlEM 2 (0^ifijcCO^ B B B V y 
^ xjSBBt©* $ SrfiWB* l <oM«o^«*t/ y ^ >^jg| 
w«S<t 9fc*<'r*xa<5:S:*-i-S-tSr#«ii-S 

[«9laftflftK9n 
[0 0 0 1 ] 

V#KSr?K^LfcSO I (silicon on insulator(DB& 
[0 0 0 2] 

m%<D&m *««*aiiii»o*a«s*sifij±-t-s(c: 

*H* 5 0. 2 5M0. 1 0 um<D h9V^**0>«H4j&s 



«j u ft tttttf ft 6 ft v \ z<D<£ o mm <n * Tr«S*fflM 

ftS*^K^o*ftt«*T«*JftffliHo-o-e*) 

[000 3] rft6©WIH«rJ£ll-i-6fc*t, 
tfcfco h7^^^«iattt*ft6frU^«it^ h7> 

H S IMOX (separation by implanted oxygen<Z)S& 

* ^14# (1978¥) 593 [K. Izurai et 

al. .Electronics Letter, vol.14, (1978) p. 593 

] ) o s iMOXii, a*o*jftfi5/y ^^Stg^rt 

At, iSSfRfeSSrJS-rr ^laoTS i o 2 1 

«u wc* :wsio 2 s±^msr>y a^l 
SrffiJfiKf 5 i ^ 5 *ftt*SO I *KSr«*+SS«r** 
5o :©siMOX(:fc^m JPii^/i^-Stfa 

»«L8^*fl=iSr*ii{fci-5r.-t^J;o'C, ±fSS i O 
2 JiXt/^y 3>l©ffSSr0faottJcR^-C#5o 91 

1. 8 x l 0^cm- 2 tt^^vm^4^^O + % 

ftALfc^ 1 3 o o°c(Du^vemm^x±mmir^m 
&m%ni&'tz>z ticx^x, m^t>m4 o o o a^s 

i 0 2 5 OOA^gfii/Dayi^ 

S O I StESr»igT*# 5 ^ t dSJE< ^fl feftT V^ 
6 0 wOSOlS*ESrttffl-t"5»JlBh5^^^^«F56 

/^-rj:9ft> v^<o^^co$gS : /i^n"C^5 0 SOlSf^ 
±{cMOS H9>^^Sr»a"f5IR^ ISftt/Ja 

*sj: ( 9^i5<-r5 4, »o*^«F»6«jft»ttistBaisn 
s wi^ii ^-r^/^^h ^ 

^ T-f • • xV- ■ ^-A, 1987^, 640 

[Technical Digest of IEDM 1987, p. 640 ] ) 0 
^ft^tt^LTfi, BTOr^^fetfCV^So (1) 

**t5. (2) f-^i^i/a-zi/Kffi* (^Sffit-T 

ftO«^Jd#5 S*t©ifJlD35S«»r/hSv^ (3) «8£ 
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[0 0 04] JEtC, SO I*R«:fflv*5r t<Dttl<Dm& 

\c&£tm±X%Ztctb\ SOlS«Srttffl-rixtf, ffi 
MMMOSIhISS C£AT> CMOSlHj^t-r^) 

[0 0 0 5] 

^-SOlfllafitcjEH-rsrajB^fcSo 9ft 

•>y'=»>'i©flfs*s»<45a, so i as 

±CMLf;NMOSh7>^^ (£*T\ NMOS/ 

KJ;oTJ;0*<©jE?L#«£LTL*5. -©±54 

3?9 S?12-^\ 1989¥> 636 [C.E.Chen et a 

l.,IEEE Electron Device Letters, vol. EDL-9, no. 12(1 
988)p.636] ) 0 fct, ^Riti^fcSOlS 

©t*«HWS^y 3^l©**ofr>l:ffot«liD 
■f&tzMc nmo s/so i • Ku-f^HiB 

[0 0 0 6] PMOSTil, ±K<©S*li**fc 

Wil:4ot^4v^ 0 rfili, PMOS(:^>t(iF> 
<f >m?<om9M ty<»^ NMO s J; 9 (g^fc 

tbxfo6 0 t^oT, so iss^ra— ff$<7)-^y 

"t-5&S#*>0, iSv^y ^yf^tsso 

[0 0 0 7] *58Wtt3&^»6IHHjiS^«*r4**Lfct 
OT*ot, so ifflKifcisttS* h^y-v^ott 
IBSrtt&^*i([fbLT, PMOS h7>i^**©«ttSr 

[0 0 0 8] 



os h7^^^^*^$^*»ft^aiiite^jov> 

T, HufBPMOS hy>i/^^^^j5)c1-57t^CO^ 0 B B 
is!) xyMmoffZAK MENMOS \*yyz?x&&B 

[0 0 0 9] **WH»5^»*«tt^»i6*ffitt, Jfi 

E*»i^ y 3 y«K±ic^ i ©jiMwui*r»rti-6x 

xa£, nmos h^^x^M^Si^i^l 
fbS^IIfi^-fr-f^PMOS H9>-^^SBS:*tp 

left 2 co^(/)^ H B H i/ y a vSWK^Sffi«-^*9fSco 
<5 0 

[0 0 10] *3SWic«6*»*«K^»a*iSfe 
»^*±{c^ B e B ^y 3V«HiSr»rilLfcSOI* 

irzxmt. NMOSh7y^^S^Si(Di« 
©9WE»io«»fUBItt|»**-fKPMOS h7^7 
2 ©««©MrlE»i co«»fbBt«ttS:»* 
LTiuf£^2cDMJ|Sc(7)^ 0 3 0 ^i; 3i/jiBt<o*Efc'ltSr 

fltfcb£-££xa<t, BuiEft2^««co*ses^y 

IKortfiBJciUf^^-^SraA-t-sxai, »Eff2<?!)« 

•£5 r t t «fc 9 sfiteii? 2 o?ii|((7)^ H B s ^ y n y»jgfo 
J? $ SriWIBft 1 ©««o*Jieft > y ^ $ J: 9 

[0011] 

J*i-Sfca6^**^y 3>*Bt«>«st, nmo s h 

J:9fcl»< LT^5o ^tb(-J:9, NMOS h^y^ 

"tta^fbu^i/^spMos h7y^^(t ¥^b s b^ 
y =a^»RdSit<4oTt, *<naimtf'£{kuc<\,^t 
t^#M^t:^>t#, :<^)PMOsh7^ 
*«fi^y=y»|«*»<-t5-i:{cj:9#e,ii 
5fiJ*Sr**l83l#ffi-rwtdST-#5. ^ti(cj:9, P 
MOS K5^^^©*!rttSrifij±S"B:5^ C 
MO S Sr|fii±S-fr5 - fc ^x-# ^ 0 
[0 0i2]*PMffl:io^t(t NMOSh7y; 
^ ^ l o^^gf^m^^^^it-ffc p 

MOS h7y^^^$r^^2c0fI^cDgfb^S?II 
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[0 0 13] NMOS h5^**W*-£ip|(Sl 

2 wffi«Omj!E» l ©JRBHfcKrtf JtS: 
LTmj|E^2^«O^ B H 0 v'!J 3Vj»K(D*SB*f 

A LfcWKW 2 c7)M«^¥^ h 0 b^ » 3 ^*JKo— fflco* 
SrSWB* 1 <0««co]|M6fi 5/ y 3 v»Btoff S J: 5 
[0 0 14] 

[ooi5] aitt^s^si^iijtfifytcas*** 

fii liiaMfcfcli 2*»rt**txv^a. rcD*ft« 
H2(Z)J:llli NMOSh7y^^{:Mt5f:fe 
^g^v'ijayli 5WPMOS h7^^|I 

[00 16] Sfc, :©NMOSSU^^!)^>il5(: 
fi, n + ®ffilkl9*3I«W^»^StLr*5 0, PMO 

ss^y^yii6i;iip + attiRJi8^a«w^» 

T^5o Sfc, NMOSh7y^^l3WPMOS 
h 7 * 1 4 (7)Pfl(7)K{bKa 1 2 JfcURtC n + Mtetfc 
S9&tf P + ®J£«:l8 0jB»o±{cfiHlBKi 9jWB 

dl$ttT^5 0 JSf^ p + SMn + Sfct|9, 8± 

cofflia 7 Axtmmm 1 9 *s»j*sttTt^)ii^««^i4T 

[0 0 1 71 *||lfiWc*5^T, PMOSF7y^^ 
1 4SrJgrit-f5fcfe©5/y 6c0JP^fi, NMO 

S h7^^ 1 3%J&J&1rZ>tzisb<Di/}) 3yfi5(0 



^«Fffi«t5^PMOS h^>-v^ 1 4(2, yy 

5W®3r&M"C4#T*#\ rcoPMOS h^v 5 ** 
14tt, v-y ^ygi 6«r»<-t-5C:ifc±9#&fi5 
^«r**H5l#tH-i-wt*st?#So Ul:J;9>.PM 
OS h7>^^ l 4<Z)*!H4S:|pi±-t"5wt^'et, C 
MO S @K<0ifcffte*«:|fiJ±-t-a r 4 *s-e# £ 0 
[0018] ±»©*n<*rt**Lfc*#{«6jl© 

JtfifiW^ 2 0 £2 • c mOii^O PM (10 0) 4M£,§ 
^y^lS2 KCxtLT, «x^-20 0 ke 
Vt?l. 8 x 1 0^cm~^xm^4^r>^O + £r£A 

SW-fcl^T, 1 3 0 OVXe^m^b 1 2t%TA<D®M 

iat:^(Uot, ff*JK)3 5 0 oAoKfbKS 2 
2fttfJ¥£#il 5 0 0A<Dm&&*s9 ^12 3«r«ric 

[0 0 19] W:, H3fc*"t\fc5fc, **gfti/y=i^ 
■±^AfSjfi4 0 0A^jRIWtl»2 4S:»jGau 

^ft:si2 4±\zfmi&mmic±r)m£ffii oooA^t 

fW2 5Sr»*i-5« 

[0 0 2 0] B4M*-r<fc5fc* iifi-^y 
7^S^(Cj;J9NMOS V7>*s*$U2 $\z.ftfc1rZ> 
MC(7)^7t h l/y^ h 2 7 ^/^-^y^l, ^tt 
Sr-^^^4 LT^tt^y^^^SrJfiL, NMO Shy 

w*9U2 6^m<nmm2 5£^±im£Lxmm 
\m2 4*mm-rz> 0 

[0021] jfcM, 151:^9^ nam?* hi/^ 
* h 2 7Sr^|dgfe*UT, NMOS hyyi?x#ib2 
6^<hm^>]) ^yJS2 3£IMtLT»{k«2 8^r 
7fM-f£o w^»{blK2 8(7)S:SSrSJ«i1-5wt^J: 
9, nmo s h 7 y ^ 2 6 feSy y ^ y 
«2 3^l¥$S:tt«^SJ«-e#So W^li, J?£#J2 0 
0 0A<O|R»bffll2 8 S:«fiJJ"t-ixtf , NMOSF7^ 
^^g|52 Q^(DW^y ] J 2^12 3(^1 0 0 OA 

»<bSit5fc«>, 38ofcvy3yS2 3©ffSiijfi5 0 

0A(C7i6o -^4#, NMOSh7^^lfC2 6 

n> m\M2 5icx<>x&mtstix^z>titbmi\:£tite 
[0022] m 6 (c^-rj: 5 Mm Ltz y >k 

«WSrttfflL-C»lsit2 5«rl»*U «*7y|ffi«& 
^UT««Mfcil2 8Sr»*-r5 Q ' 

[0023] /^(c, @7{^-t\fc5(^ ^aty-c^s 
v-y 3w*bi^j¥s»i 5 oA(Dmwtitm2 9 

ffl«3 0«^a^ 0^9 NMOS hyyi?x?U2 

6MPMOS h7>i?X#M3 1 h 

h3 2*a5<t5t^^-ny^S:Jfi-t- 0 ^ic, -coy 
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mcx vm^ftmmm o<»im\m2 9at/*»*^ 

[0 0 2 4] Rfc, m8\C7frf£ilC s 9)/ if 7 7 4 & 
ftffcJ: 19 PMOS b7>*Jx#to$ 1 Sr?* h l"^* h 
3 3W^U NMOS >^^^g|52 6(7)^B B 0 

ix^^3 0keVMaAf2. OXlO^cm 

[0 0 2 5] fcfc, m 9 fc*+J; 9 (C N 7* h U-v 5 * h 
3 3£Bfe*LT, NMOS h7^^^S2 64:7^- h 
l/^h3 5^^^U PMOS h7>^^S3 1 

y □ yf 2 3 [:c^^ y y ^ t > 3 6 0Ux. 
tf , iPijte*/!'*— 3 0 k e V&tf SAil 1 . 0X10 

LT, RJittiHSiUBE^tilSSV^T, a900°C 

i-5o 

[0026] m^. mioi^-txo^ uMiyywm 

*«r«6fflLT«»fUl2 9S:lfc*U WSft^y^^Ji 

2 3ge®(cj?£$n ooAoy- h&ffbJ8l3 7ZBf&-f 
60 mtliSfiffi^ci:^jf:^^4 0 0 0Ao^ H B H 

^ H yy yy^7 
^ >r BEflfXoc^-iti y^yftfijfc cfc 5 JMB**jK) 0 . 

3/zmCOy~hffii3 8Wt5o 

[0 0 2 7] h 1 1 5 swmsfttet 
JiOffSilSjl 5 ooAcocvDSfkK (II^HH 2 ) 
EfcitBLT, S#tt^y^yfiffi(£<fc9y-hSffi 

3 8 0fflJffi^cvDi6{kKofflSS3 9SrJgfi!c-fSo 
CVDKfUBtO^ttoiy^y^SrJIII-flJRIC, y- h« 
S3 8^T»K^<oy-h»ftBt3 7tta.y^yySix 

MfeifcS4 pXtf p + Mfe^l4 1 4r#riEi-5. 
[0 0 2 8] 0 1 2 [c^-f J: 9 (c N a^HBBK 
W»t(:J:1 £Bfc«IW«4 2fc»ritt-6. 

- h*«3 8<D(S}jlij(7)_bEn + mfcfikS4 0RTfp + M 

ft«icJ;9B[S»5 0 0 0A<Z)7yw^R*?gfiJi-f5 o ft 

[0 0 2 9] **J6WKi3l^Ttt, NMOSh7^ 
^SI52 6^^fbll2 SfiiitfCPMOS h5V^* 
l(oaft:IK2 5ft:ftS:8fe*Lr, PMOS hy>- 
3 l<z>JBl©*ftK{kll)t2 4©*aDSrBfflS*T 

SO*2 ©«tf«2 8 t»*t8: PMO 



S N9V^^(BJ3 10**SiPhv'!J nyf2 3cojf$^ 
3fH*l¥**T^>S^Sr<t:^-C#So Sot, NM 
OS Y7-y 9 J*9%2 6(D^^y ] J ^>|2 3CD)5£ 
WPMOS b7>v^g0 3 lw^s^y 2 

[0030] %2(Dmmmi^^xmw : fz> 0 m 

1 3li**W^2 0**«iJt«5^*frK«^-XS 
Sr^-fUrffiB, El 1 4 75MB 1 9 f2#^cD|g 2 coUte 

il3KtJ:9^ PMOSh7^^54 
0»y 3>;l5 6O)|StfNM0S h7^^5 3 CO 

Hl^*Lfc*1^16«i:Rli:T**>5^ *HJfi«T* 
tt, PMOS h7^^ 5 4co^cOPMmfe 0 BS/i; 
= VSfi 5 1 ±(cffM <* ft-o > 5 ftfblRl 5 2 CD J? s # 

nmo s h 7 ^53 <om$L(om\mm 5 2 «t 0 m 

<Mf&£tlXlo Y ), NMOS h7>^^53W^/!j3 
Vf5 5(D3tmt PMOS h7V^^ 5 4CDv'lJ 

fi, NMOS h7y^^5 3MPMOS h7^ 

^54 ©m^saa^ jr 1 (ommmom^ x r> t>*s < 
ftor^So *fc, *<b«i©y- mmuks 7, y-h 
5 8 , ■mm 5 9 RtfTA* $ mm 6 0 am 1 conjg 

[0 0 3 1] ftoT, *jafc«KJ3V^Tf4, ft 1 <D%M 

^(oim\±^L<^±x^6th^m^hho * 

»2OHJfi«»J(0«agT*fi, lt{bRJ|5 2CT)g$fl x 
NMOS h^Vi/^^ ^PMOS h^V^^^cDi" 

[0 0 3 2] W:, wO»2^H«fl»Jic«5^S|tflcJg8l 
[00 3 3] 5fe-f , B 1 4 fc*-r J; 5 fc, 01 {CTjk-fJL 

utmcxmckvp mw^B fy* ymm 1 1 ±\m 
{mm 7 2 Ruw^y D 3 >i 7 3 ^HKftffM tr s 

O I Sfi^Mt^o 

[0 0 3 4] ft(^ % Bi 5(^i-J:9{-> m*S B B 0 v/!J =3 

>17 3±(C^g^Sffi(Cj;i9jf:^^l /im^CVDi 

fkK7 4Sr«*uT, y yyjyj&mciv pmos 

h7V^^S7 6COCVD8M7 4<0»ffifc^t^ s « 
ttii~Z>£o\C7* hl/^ h7 5%/<*-=>>yi-Z> 0 

3i5/^vysJS(-ct: «9 pmos h7y^^S7 6coc 
v D^fbfll 7 4 1*» Zfc£irZ> 0 
[0 0 3 5] m 1 6 {ZTF-fX 0 fC, 7* h U^Ti 
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h7 5^itr, mm±mcmm-(^>7 7&aA-r 

«2 00keVMiiAtl]0. 3 X 1 0l8cm-2{c^ 
£-f£ 0 ^LT, CVDMl7 4^^ ( i:/^/: 
*\ g^tyfiPMOS Vv^£|57 6(7)^ H B H 
i/Unyl73C^A^ 7 8 rt^Sjft, 

[0 0 3 6] 01 7{^1-J:9(^. CVDg£ftH 

wfR^a*^, Ji*Ji7 8rt»©»*IH : P3ft«HEWL"C 
tR{M7 8Srrt«BJ^6*ft"t-5fc», PMOS h?^ 

7 3©»*^«^-J-6 0 »ffcBW7 2«)l¥SOlWP2lU5 

f y 3 7 3 cd/? 3 n 1 6 i^-rxafcas 

Mitt* »{UWi7 2<^)»3(ij|fi8 0 0A«Jp 
U y 3 7 3 S tt« 5 0 o-A»/>t 5o 

spgtt, *ioit*«^ia6^"rie^#jSL"c-i/> 
[0037] 0 1 8 \z.7Fir£ 0 \z_w, 1 (dmm&kd 

[0038] mi 9«^i-j:5fc, #'/!)3y| 

8 0, 8 l±{C*10|?tS«tH«{CL-cy- h&fLR 
8 2Io7"hii8 3eM« 0 W^Igli, $ 

[0 0 3 9] *IHfcW*ft^doV^-C*i, NMOS^7> 
^**«B8 4«jW>CVDlMfc;fll7 4I^Mf{:PM 
OS h 5 7 6^ig(D^ 0 B 0 ^y ny|7 3 <£» 

SBSrBfflS^T^So willed!), PMOSh7^ 

*$%7 6$m<DW&^yv ^yj§7 3<D^mm^m 

lCQJf££\ NMOSgpcDv-y 3yf8 0(0g^ J; 9 fc 

*<ts:i#t*i, s*\ ^yjfs o, sico 

[0 0 4 0] 

IJLLttELfcJ; 5^, SOI 

se±«c45ft*NMos h7>^**fu<o*teftvy 3 
yffRojy £&i>*pmos h^v^^^spcom^a^y 

jgfii/ y 3 y*tR±-ctt«fe-cffl»c)i 9 oofc^ pm 
OS h5y^^^j8IS*efM5'sr(IB^*9, ^ixKJ; 
9, PMOS h7y^^^Mf L<^]±^^ 



CMOS@B(Z)»f^iiaEa:fJiaWlc:|fi]±'t5rt36S 

■■e#6o tit. soimmz, m?mttM&mmm#) 

[BB0ffi*ttKH] 

[Ell] *»W©»l©*Ml«^fll54MI|[fl«|l*^ 
[B2] **W^*l(7)||lfi«^«5^*ft:Ktt^»ig 
[03] Hi:<t<oSIJKff|*Slci3*t5tto-XS** 
[114] PD<t©IWW^ft^i3«t5ffi©-xaSr* 
[0 5] Hi:<t©3aS«*fe^i3tt5ffio--XSS:* 

•tmmmxfoZo 

[06] Pi:<tO|llfc«*fetc*5ft5ttO-xaSr* 

■rtfrBH-efca. 

[H 7 ] D< *©IB*«*fttioitSffico-xeS:* 

-rmmmxh&o 

ms] mi<z<D%mm*mc&ttzi&<D-xm&* 

[Ei 9] mc<z<D%mm%mc&»zm<D-JM&7F 
-tmrnrnxh^ 

[010] Ri:<*o||JK«*fe^*3*t5ffi<0-XSS: 
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